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Abstract  
A photoelectrocatalyst consisting of WO3 nanosheets or nanorods has been synthesized 
by electrochemical anodization under hydrodynamic conditions, and has been used for 
the degradation of two toxic pesticides: chlorfenvinphos and bromacil. Nanostructures 
have been characterized by FESEM and Raman spectroscopy. Photoelectrochemical 
degradation tests have been carried out both for individual pesticide solutions and for a 
mixture solution, and the concentration evolution with time has been followed by 
UV-Vis spectrophotometry. For individual pesticides, pseudo-first order kinetic 
coefficients of 0.402 h-1 and 0.324 h-1 have been obtained for chlorfenvinphos and 
bromacil, respectively, while for the mixture solution, these kinetic coefficients have 
been 0.162 h-1 and 0.408 h-1. The change in behavior towards pesticide degradation 
depending on whether individual or mixture solutions were used might be indicative of 
a competitive process between the two pesticide molecules when interacting with the 
WO3 nanostructures surface or when approaching the semiconductor/electrolyte 
interface. 
Keywords: photoelectrochemistry; WO3 nanostructures; pesticides; water treatment. 
1. Introduction  
 
Pesticides are substances designed to attack plagues principally in the agriculture, but 
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also in the management of public and private green spaces. The exposure to pesticides 
of organisms that are not their aim, including human beings, can provoke adverse 
serious effects, diseases and loss of species. 
 
Spain is the European country that uses pesticides the most. In 2014, 78.818 tons of 
active substances were sold in Spain, which supposed 20 % of all the pesticides sold in 
Europe that year. This massive use results in a growing presence of pesticide residues in 
food and in the environment [1]. 
 
Pesticides may move from the targeted application sites in several ways. They can be 
moved through the air, water, attached to soil particles, etc. Pesticide movement away 
from the application site by wind or air currents is called drift. Pesticides may travel 
offsite as spray droplets, vapors, dust or solid particles, and even on blowing soil 
particles. Most pesticides movement in water is either by surface movement off the 
treated site (runoff) or by downward movement through the soil (leaching). It can occur 
when too much pesticide is applied or spilled onto a surface or too much rainwater or 
irrigation water moves pesticide through the soil offsite or into groundwater. Runoff 
water in an outdoor environment may move into drainage systems, streams, ponds, or 
other surface water, where the pesticides can travel great distances. And finally, 
pesticides can also move away from the application site when they are on or in objects 
or organisms that move offsite, such as the work clothing of pesticide handlers [2, 3]. 
 
In this article the degradation of two pesticides used massively worldwide, with high 
toxicity and persistence, and that have been found in aquifers and wastewaters in 
various parts of the world [4-8] will be studied. These two pesticides are 
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chlorfenvinphos and bromacil, whose molecular structures are shown in Figure 1.  
 
Chlorfenvinphos (2-chloro-1-(2,4 dichlorophenyl) vinyl diethyl phosphate) is an 
organophosphorus insecticide used to control insect pests in livestock. It was also used 
to control domestic pests such as flies, fleas and mites. This compound has been banned 
in the European Union (as a phytosanitary product) and in the United States (in 1991) 
while in Switzerland the use of the Birlane brand is allowed for crops and certain 
vegetables [9-11]. The toxicity of this compound is due to the inhibition of 
acetylcholinesterase, causing an accumulation of acetylcholine in the neuroglandular 
connections and in the Central Nervous System, which generates a hyperexcitation of 
muscarinic and nicotinic cholinergic receptors, causing different symptoms according to 
the affected part. It is unknown if this compound is carcinogenic to humans. The 
Department of Health and Human Environmental Protection Agency has not classified 
this compound in terms of its carcinogenicity [10-15]. 
 
Bromacil (5-bromo-3-sec-butyl-6-methyluracil) is a pesticide that belongs to the family 
of uracil herbicides. It can be used to selectively control annual and perennial weeds, 
broadleaf and woody plants on cropland and non-agricultural areas. Bromacil works by 
interfering with the photosynthetic path of the plants. This herbicide can be sprayed on 
the plants or spread dry. It dissolves quickly in water and can remain in soil for several 
years [16-19]. 
 
It has been demonstrated that the toxicity of bromacil for invertebrates and fish is in a 
range between 10 and 100 mg/l while for microalgae this herbicide inhibits its growth at 
approximate levels of 0.1 mg/L and even lower [15, 20-23]. The toxicity exerted at such 
 4 
low concentrations would place bromacil in the "extremely toxic" category according to 
the European Commission's Classification of Contaminants. In addition, it is on the list 
of priority pollutants of the US Environmental Protection Agency (EPA), which 
classifies it as a carcinogen for humans [20] 
 
Despite being removed from the EU market, both pesticides are still found in aquifers 
[5-7, 24, 25]. In addition, there are other countries where their use is allowed, such as 
Australia [4, 19], Costa Rica [26], South Africa [27], etc. 
 
Therefore, it is interesting to develop strategies to eliminate pesticides from wastewaters 
due to their harmful effects. Several techniques have been used to that end. Among the 
most important are the Fenton process and its derivatives [12-14], ozonation [28, 29] 
and photocatalysis [11, 17, 30-32]. In recent years, photoelectrocatalysis (PEC) has been 
used to remove persistent organic pollutants due to its interesting advantages [33-35]. 
Electrolytic and photocatalytic processes are combines in PEC technique, which has the 
ability to delay the recombination of electron-hole pairs (e-CB / h
+
VB), promoting a 
greater lifetime of holes. This technique consists of exciting an electron from the 
valence band (VB) to the conduction band (CB) of a semiconductor, generating a hole 
in the valence band. To the seminconductor comes radiation with a superior energy to 
that of the band gap, causing the photoexcitation of the electron from one band to 
another. The generation of the electron-hole pair occurs by the following reaction: 
Semiconductor + hv → e-CB + h
+
VB 
                                    
(1) 
However, the promoted e-CB is an unstable species and tends to return to its initial state 
by recombination with unreacted h+VB, which represents the main inconvenient for the 
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efficient use of absorbed photons in classical photocatalysis (PC) [33-35].  
 
Therefore, by combining electrochemical and photocatalysis technologies, the 
recombination of photo-generated electron–hole can be avoided. The applied external 
potential is a key factor in the PEC technique because it accelerates photocatalytic 
reaction and hinders recombination [33]. An increase in the efficiency of the PEC is 
observed, comparing with the classical PC, due to a decrease in the charge 
recombination generating a greater number of holes. The useful lifetime of 
photogenerated holes increases and they are more likely to oxidize organic pollutants 
deposited on the semiconductor surface. In addition, in this technique, the photoanode 
can be recovered after degradation, using it in successive treatments [33]. 
 
In this technique, different oxides can be used as semiconductors, but the most common 
are TiO2, Fe2O3 and WO3. In this work, a nanostructure based on WO3 has been used 
since this oxide has very good photocatalytic properties. WO3 is a semiconductor metal 
oxide, which has the ability to absorb the blue part of the visible spectrum in addition to 
ultraviolet light. It has a band gap width of approximately 2.6 eV in the monoclinic 
form. This oxide has a crystal structure formed by octahedrons attached at its corners 
and its stoichiometry is responsible for many of the properties of the material [36]. The 
electrical conductivity of WO3 varies in a range of 10 to 10
-4 S·cm-1 depending on its 
stoichiometry. On the other hand, as a photocatalytic material, it has the limit of the 
conduction band (CB) slightly more positive (compared to NHE (normal hydrogen 
electrode)) than the H2/H2O reduction potential and the valence band limit (VB) much 
more positive than the oxidation potential of H2O / O2 (2.803 VAg/AgCl [37, 38]) which 
makes WO3 capable of efficiently producing photo-oxidation in a wide range of organic 
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compounds. In addition, WO3 has good stability in acidic environments [36]. However, 
in spite of all its good properties, nanostructured WO3 photoanodes have been barely 
used to degrade persistent organic pollutants, especially if compared with other 
semiconducting oxides such as TiO2 [37, 39-46]. 
 
The aim of this work is to degrade two highly toxic pesticides with harmful effects for 
living beings and the environment, chlorfenvinphos and bromacil, by means of PEC 
using WO3 nanostructures synthesized by anodization as photoanodes. 
 
 
2. Materials and methods 
 
2.1. Conditioning of the electrodes (tungsten rods). 
 
Tungsten rods with a diameter of 8 mm and 0.5 cm2 of cross-sectional area were used as 
working electrodes. Before anodization, to obtain the desired WO3 nanostructures, the 
tungsten electrodes were prepared. The pretreatment consisted of polishing the tungsten 
bar using different types of sandpaper to obtain a mirror-like surface. Once polished, the 
surface was washed with distilled water to eliminate any trace of residue from the 
polishing process and dried with compressed air. Next, the sample was introduced into a 
small beaker with ethanol to be sonicated for 2 minutes. Finally, the sample was washed 
again with distilled water and dried with compressed air. 
 
2.2. Electrochemical anodization process. 
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Once the sample was conditioned, the tungsten rod was subjected to anodization in 
order to obtain the desired nanostructures. Before anodization, tungsten rods were 
covered with PTFE except for the surface that was to be anodized (0.5 cm2). Once 
covered, the sample was screwed into a rotating electrode, whose rotation speed was set 
at 375 rpm during anodization. A platinum mesh acted as a cathode. The electrolyte was 
introduced into an electrochemical cell heated up to 50 ˚C by an external recirculation 
circuit. The electrolyte composition was 1.5 M H2SO4 and 0.05 M H2O2. Anodization 
was performed applying a cell potential of 20 V using a potential source. These 
experimental conditions were selected according to a previous work [47]. 
 
2.3. Post-anodization treatment 
 
The anodized sample was cut and introduced in a cylindrical oven to apply a heat 
treatment at 400 °C for 4 hours. In this oven the sample was dehydrated and crystalline 
forms of WO3 were obtained.  
 
2.4. Nanostructures characterization 
 
The crystalline structure of the samples was characterized by using a Confocal Raman 
Laser Microscope (neon laser of 632 nm with a power of 420 μW). The composition 
and crystalline structure of the obtained tungsten oxide nanostructures were analyzed. 
This characterization of the crystalline structure was carried out before and after the 
thermal treatment in order to verify if such treatment affected the composition and 
crystalline structure of the formed nanostructures. 
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In addition, the surface of the samples was characterized by Field Emission Scanning 
Electron Microscope (ZEISS ULTRA55 scanning electron microscopy) using 3 kV, to 
verify the type of nanostructures formed on the substrate. 
2.5. Pesticide degradation 
 
Degradation experiments were carried out in a photoelectrochemical quartz reactor. The 
system was basically composed of a three-electrode electrochemical cell, a potentiostat 
to provide the external polarization (1V) and a light source to illuminate the photoanode. 
Irradiations were carried out employing a 1000 W Xe light source and using a visible 
wavelength of 420 nm. The wavelength was accurately selected by means of a 
monochromator. 
 
For degradation experiments, 14 mL of the desired solution were put into the reactor 
with a Ag/AgCl (3M KCl) reference electrode, a Pt counter electrode and the working 
electrode (WO3 nanostructures). Before the PEC degradation, this experimental set-up 
was stirred for 30 min in the dark to allow equilibration of the system. Samples of 2 ml 
were taken every half hour to monitor the degradation of pesticides through a UV 
spectrophotometer, recording the absorbance of the solutions on a wavelength range 
from 190 nm to 500 nm. These samples were then returned to the reactor to continue the 
degradation. 
 
All tests were performed with a pesticide concentration of 20 ppm and using 0.1 M 
H2SO4 as supporting electrolyte. Degradation of individual pesticides (chlorfenvinphos 
and bromacil) was carried out, as well as degradation of a mixture of both (20 ppm 
chlorfenvinphos + 20 ppm bromacil). The duration of these tests was 360 min. 
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Mineralization of pesticide solutions after 360 min of photoelectrochemical degradation 
was determined quantifying the decrease in Total Organic Carbon (TOC)  by using a 
Shimadzu TOC-L analyzer. 
 
3. Results and discussion 
 
Figure 2a and Figure 2b show two FESEM images of the WO3 nanostructure used in 
this work as photoelectrocatalyst, after the annealing treatment. It can be observed that 
very thin nanosheets or nanorods were formed on the electrode surface, whose 
appearance was spongy and very porous (Figure 2a). In the cross-sectional image 
(Figure 2b), it can be seen that these small nanosheets or nanorods were packed in 
multiple layers. 
 
Raman spectra of the as-anodized and annealed samples are shown in Figure 2c. Both 
spectra were similar, although there were some differences. Peaks at 190-195 cm-1, 277 
cm-1, 321 cm-1, 713 cm-1 and 816 cm-1 appeared for both samples and are related to 
crystalline forms of WO3 (monoclinic and/or orthorhombic) [48-53]. However, for the 
as-anodized nanostructure, other peaks can be discerned. These peaks were located 
between 390-450 cm-1 and at 954 cm-1, and are associated respectively with hydrated 
WO3 (W–OH2 bond) [51, 54] and with short terminal W=O bonds [49-52]. These 
results indicate that partially crystalline WO3 nanostructures were obtained by 
anodization, although they needed a thermal treatment to be dehydrated. 
 
As explained above, in this work the degradation of two individual pesticides, 
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chlorfenvinphos and bromacil, as well as a mixture of both of them, was investigated. 
Degradation processes were followed by UV-vis spectrophotometry. Figure 3 shows the 
UV-vis absorption spectra for the two pesticides and for their mixture, at different 
concentrations. The spectra for chlorfenvinphos (CFV) are presented in Figure 3a. Two 
well defined peaks can be seen, one at 204 nm and the other at 245 nm. The latter peak 
has been related to the characteristic chlorfenvinphos aromatic ring π → π * transition 
and is the peak normally used to follow the degradation of this pesticide [55, 56].  
 
In Figure 3b, UV-vis spectra for different bromacil (BRO) solutions are shown. In this 
case, three peaks are discerned: a small one at 193 nm and two well-defined and broad 
peaks at 210 nm and 278 nm. The latter peak can be associated with the uracile group 
ring. Indeed, it is well known that the UV-vis spectrum for uracil has an absorbance 
maximum at 260 nm (in acidic media) [57, 58]. When auxochrome substituents are 
added to the uracil 5-position (such as the bromine atom in bromacil), the peak 
associated with the uracil group undergoes a bathochromic shift [57, 58]. Moreover, the 
peak at 278 nm has been frequently used to indentify bromacil and to follow its 
degradation with time [16, 59, 60]. 
 
The UV-vis spectra of the mixture solution of chlorfenvinphos and bromacil are 
presented in Figure 3c. Two broad and more or less defined peaks can be observed at 
205 nm and 278 nm, along with a shoulder at short wavelengths (193 nm) and a band 
of high absorbance values centered at 250 nm. In order to assign these features to the 
different pesticides, the spectra of individual pesticides (at a concentration of 20 ppm) 
and of the mixture solution (20 ppm CFV + 20 ppm BRO) are shown in Figure 3d. 
Identifying the different peaks, it is clear that (1) the shoulder at 193 nm observed for 
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the mixture solution corresponds with the peak at the same wavelength for bromacil; (2) 
the broad peak centered at 205 nm for the mixture solution is consequence of the peak 
centered at 204 nm for chlorfenvinphos and the peak centered at 210 nm for bromacil; 
(3) the flat band with high absorbance values observed for the mixture solution and 
centered at 250 nm is a consequence of the chlorfenvinphos peak at 245 nm together 
with a region of minimum absorbances for bromacil at the same wavelength; (4) the 
peak at 278 nm for the mixture solution corresponds to the same peak for bromacil.  
 
Therefore, there is correspondence between the absorbance peaks observed for the 
mixture solution and the peaks of the individual pesticides. Hence, the degradation 
process of the mixture solution will be followed at the same wavelengths used for 
individual pesticides, i.e., 245 nm for chlorfenvinphos and 278 nm for bromacil. 
However, to follow individual degradations from the mixture solution UV-vis spectra, it 
is necessary to establish the equivalence between the absorbance of individual 
pesticides and that of the mixture solution, at different concentrations. This equivalence 
is presented in Figure 4, where each point corresponds to a different concentration 
(marked in the graphic). It can be observed that absorbance values for chlorfenvinphos 
in the individual solution, measured at 245 nm, were significantly lower than for the 
mixture solution, since at this wavelength bromacil also absorbed light (in spite of 
having a minimum absorbance at this wavelength). On the other hand, absorbance 
values for individual bromacil were slightly lower than those for the mixture solution, 
since at 278 nm chlorfenvinphos barely absorbed light and hence almost all absorbance 
was due to bromacil. 
 
Figure 5a shows the evolution of chlorfenvinphos UV-Vis spectra with 
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photoelectrochemical degradation time. Absorbance peaks decreased with time, 
especially that at 245 nm, associated with the aromatic ring (Figure 5a). Since no 
displacement of this peak was observed during the degradation process, it can be 
concluded that chlorfenvinphos degradation took place through the aromatic ring 
opening. After 360 min of irradiation,  91.4 ± 4.6 % of chlorfenvinphos was degraded 
(Figure 5b). Assuming pseudo-first order kinetics, the kinetic coefficient was 
determined to be 0.402 ± 0.064 h-1 and the mean half-life t1/2 = 1.724 h. 
 
Figure 6a shows the evolution of bromacil UV-Vis spectra with photoelectrochemical 
degradation time. It can be observed from Figure 6a that the two peaks at short 
wavelengths (193 nm and 210 nm) tended to increase with irradiation time and to 
overlap, forming a single and wide peak centered at 200 nm. This behavior indicates 
the formation of intermediate species which absorbed light in that wavelength region. 
The peak at 278 nm, on the contrary, decreased with irradiation time and did not 
undergo neither blue nor red shifts. These results suggest that bromacil degradation took 
place through the cleavage of the uracil ring and the formation of intermediates whose 
maximum absorbance was at a wavelength of 200 nm. After 360 min of irradiation, 
84.3 ± 3.6 % of bromacil was degraded (Figure 6b). Assuming pseudo-first order 
kinetics, the kinetic coefficient was determined to be      0.324 ± 0.038 h-1 and the 
mean half-life t1/2 = 2.139 h, somewhat lower than for chlorfenvinphos.  
 
Figure 7a shows the evolution of the UV-Vis spectra for the mixture solution of 20 ppm 
chlorfenvinphos and 20 ppm bromacil with photoelectrochemical degradation time. All 
peaks and absorbance bands decreased with irradiation time, although that decrease was 
not uniform. The broad peak centered at 205 nm slowly decreased. As it has been 
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described above, this peak was the consequence of the overlapping of two peaks, one of 
which decreased with time (204 nm for chlorfenvinphos, see Figure 5a) and the other 
increased with time (210 nm for bromacil, see Figure 6a). Since the decrease of the 
chlorfenvinphos peak was more pronounced than the increase of the bromacil peak, the 
overall result was a small decrease of the combined peak. On the other hand, the 
absorbance band in the region of intermediate wavelengths also decreased with 
irradiation time. The absorbance at 245 nm, used to monitor chlorfenvinphos 
degradation, was therefore significantly smaller after 360 min of irradiation. Finally, the 
peak at 278 nm, associated with bromacil, also decreased with time, until reaching very 
low values after 360 min. 
 
According to the UV-Vis spectra shown in Figure 7a for the mixture solution (20 ppm 
chlorfenvinphos + 20 ppm bromacil) and to the equivalence in absorbances shown in 
Figure 4, the evolution of the individual pesticides concentration with irradiation time in 
the mixture solution can be determined. Figure 7b shows the evolution of pesticides 
concentration with time for the mixture solution and for the individual pesticide 
solutions (data of individual pesticides has been already presented in Figure 5b and 
Figure 6b for chlorfenvinphos and bromacil, respectively, but they have been included 
in Figure 7b for comparison purposes). It can be observed that the temporal evolution of 
bromacil concentration followed similar tendencies, regardless of the solution treated 
(individual or mixture solution), and that degradation efficiencies, kinetic coefficients 
and half-life values after 360 min of irradiation were similar (84.3 % degradation, k = 
0.324 h-1 and t1/2 = 2.139 h for the individual solution and 90.63% degradation, k = 
0.408 h-1 and t1/2 = 1.699 h for the mixture solution). The slight increase in bromacil 
degradation efficiency in the mixture solution can be regarded as not significant since 
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the differences are approximately within the standard deviation. However, in the case of 
chlorfenvinphos, photoelectrocatalytic degradation was significantly faster in the case of 
the individual pesticide (91.4% degradation, k = 0.402 h-1 and t1/2 = 1.724 h after 360 
min), whereas in the mixture solution, chlorfenvinphos degradation efficiency was only 
61.55% after 360 min, the kinetic coefficient was k = 0.162 h-1 and the half-life was t1/2 
= 4.279 h These results would imply that there was a competition between both 
pesticides for adsorption sites at the WO3 nanostructures, and that interaction between 
bromacil and the photoelectrocatalyst surface was favored. At the solution pH (0.1 M 
H2SO4, pH =  0.7), the bromacil molecule would be positively charged due to 
protonation of the amide group, while chlorfenvinphos molecule would be neutral. The 
different electric charge of pesticide molecules could affect, at least partially, the 
photoelectrocatalytic degradation mechanism of these pesticides in the mixture solution, 
and could be a reason for the different behavior in that solution, although future studies 
will be necessary to confirm that. Another reason of this behavior can be associated with 
the higher size of the chlorfenvinphos molecule (steric effects); according to the last 
hypothesis, the approach of the smaller bromacil molecules to the 
semiconductor/electrolyte solution, where they will react with hydroxyl radicals or 
directly with photogenerated holes at the WO3 nanostructures surface, would be easier 
than for chlorfenvinphos molecules. 
 
Finally, in order to quantify the mineralization degree of both pesticides, total organic 
carbon (TOC) was analyzed. Results are shown in Table 1. It can be observed that the 
highest mineralization degree was obtained for the chlorfenvinphos solution, while for 
the bromacil and mixture solutions, TOC decrease was near 50%. These results 




4. Conclusions  
 
The photoelectrochemical degradation of two toxic pesticides, chlorfenvinphos and 
bromacil, has been carried out using both individual and mixture solutions. It has been 
shown that in the case of individual solutions, degradation of chlorfenvinphos was 
slightly favored after 360 min, reaching higher degradation efficiencies than bromacil. 
However, in the mixture solution, that tendency was the opposite, i.e., bromacil 
degradation was appreciably faster and its kinetic coefficient was higher than for 
chlorfenvinphos. This result might be explained by taking into account the possible 
interactions between the pesticide molecules and the WO3 nanostructures surface, in 
which the molecular electric charge (positive in the case of bromacil and neutral in the 
case of chlorfenvinphos at the solution pH) could play a role, as well as steric effects 
arising from the different size of pesticide molecules. Further studies would be required 
to provide an answer to that issue. Nevertheless, the efficiency of WO3 
nanosheets/nanorods as photoelectrocatalysts for the destruction of individual pesticides 
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Table 1. Initial and final total organic carbon (TOC) values, as well as mineralization 
degree (in %) for the individual pesticide solutions and for the mixture solution. 
 
Figure Captions  
 
Figure 1. a) Chlorfenvinphos molecular structure; b) Bromacil molecular structure  
 
Figure 2. a) FESEM top image of the WO3 nanostructure; b) FESEM cross-sectional 
image of the WO3 nanostructure; c) Raman spectra of the as-anodized and annealed 
WO3 nanostructure. 
 
Figure 3. a) UV-Vis spectra for different chlorfenvinphos (CFV) solutions; b) UV-Vis 
spectra for different bromacil (BRO) solutions; c) UV-Vis spectra for different mixture 
(MIX: CFV + BRO) solutions; d) UV-Vis spectra for the individual pesticide solutions 
(20 ppm) and the mixture solution (20 ppm + 20 ppm). 
 




Figure 5. a) Evolution of chlorfenvinphos UV-Vis spectra with photoelectrochemical 
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degradation time; b) variation of the quotient between the chlorfenvinphos 
concentration at a given time (C) and the initial concentration (C0) with 
photoelectrochemical degradation time. 
 
Figure 6. a) Evolution of bromacil UV-Vis spectra with photoelectrochemical 
degradation time; b) variation of the quotient between the bromacil concentration at a 
given time (C) and the initial concentration (C0) with photoelectrochemical degradation 
time. 
 
Figure 7. a) Evolution of the mixture solution UV-Vis spectra with 
photoelectrochemical degradation time (initial concentrations of 20 ppm 
chlorfenvinphos + 20 ppm bromacil); b) variation of the quotient between the pesticide 
concentration at a given time (C) and the initial concentration (C0) with 
photoelectrochemical degradation time, for individual chlorfenvinphos (CFV) and 





























































































































































































































































































































































































































































































































































































































































Table 1 3 
 4 
 5 
Solution Initial TOC/ppm Final TOC/ppm % mineralization 
CFV (individual) 8.02 3.16 60.53 
BRO (individual) 8.33 4.76 42.86 
Mixture 16.25 8.55 47.39 
 6 
 7 
 8 
 9 
 10 
(b) 
